A series of pyranopyrazoles, was efficiently synthesized via one-pot, four component reaction of ethyl acetoacetate, hydrazine hydrate, aldehydes and malononitrile in the presence of catalytic amount silicotungstic acid under solvent free condition. NOE experiments confirmed that the product exist exclusively in the 2H form. The present protocol offers the advantages of clean reaction, short reaction time, high yield, easy purification and economic availability of the catalyst.
Introduction
An increase in regulatory restrictions on the use, manufacture and disposal of organic solvents has focused attention on the development of non-hazardous alternatives such as solvent-free syntheses, multicomponent reactions and reusable heterogeneous catalysts for the sustainable development of chemical enterprise. These organic reactions possess advantages over traditional reactions in organic solvents. For example, solvent-free, multicomponent reactions with reusable heterogeneous catalysts reduce the consumption of environmentally hazardous solvents and utilize scaled-down reaction vessels. In the recent years, the use of solid acids as heterogeneous catalyst has received considerable attention in different areas of organic synthesis.
1 Heteropolyacids (HPAs) have several advantages, including high flexibility on modification of the acid strength, ease of handling, environmental compatibility, non toxicity and experimental simplicity.
2
They are known to possess a strong purely Brönsted acidity, and found to be very efficient in catalyzing reactions that conventionally use Lewis acids. Thus, the use of HPAs as a catalyst makes the process convenient and environmentally benign.
Heteropolyacids found to exhibit excellent catalytic properties in the dehydration of diols, 3 rearrangements, 4 tetrahydropyranylation of alcohols, 5 Friedel-Craft alkylation,
6
Prins reaction, 7 synthesis of dihydroquinolines, 8 pyrimidine synthesis, 9 Biginelli reaction 10 and Dakin-West reaction.
11
Pyranopyrazoles are an important class of biologically active heterocycles. They are reported to possess a multiplicity of pharmacological properties including anticancer, antimicrobial, 12b antiinflammatory, 12c insecticidal, and molluscicidal activities.
12d,e They are also potential inhibitors of human Chk1 kinase.
12f They also find applications as pharmaceutical ingredients and biodegradable agrochemicals.
13
In a view of great importance of pyranopyrazoles various methods for synthesis of 6-amino-5-cyanodihydro-pyrano-[2,3-c]pyrazoles has been reported. These compounds may be readily obtained from the reaction of 4-arylmethylene-5-pyrazolone and malononitrile, or 2-pyrazolin-5-ones and benzylidenemalononitriles.
14 The first reported pyranopyrazole was synthesized from the reaction between 3-methyl-1-phenylpyrazolin-5-one and tetracyanoethylene.
15 Various 6-amino-5-cyanodihydro-pyrano[2,3-c]pyrazoles were synthesized by the reaction of arylidienemalononitrile with 3-methylpyrazoline-5-ones or by the condensation of 4-arylidienepyrazoline-5-one with malononitrile.
16
Sharanin et al., 17 have developed a three-component reaction between pyrazolone, an aldehyde and malononitrile in ethanol using triethylamine as the catalyst. Vasuki and coworkers reported an efficient four-component reaction protocol for the synthesis of pyranopyrazole derivatives in the presence of bases such as piperidine, pyrrolidine, morpholine and triethylamine at ambient temperature.
18
Kappusami et al. have developed solvent-free multicomponent synthesis of pyranopyrazoles using per-6-amino-β-cyclodextrin as a catalyst. 19 More recently Myrboh et al. reported the synthesis of pyranopyrazoles using L-proline and γ-alumina as catalyst.
20 As a part of ongoing program on H as well as CH (CH3) and C 
Experimental
General Procedure for the Synthesis of the Pyranopyrazoles (5a-t). In a 25 mL round-bottom flask, hydrazine hydrate 96% (0.107 g, 2 mmol), ethyl acetoacetate (0.26 g, 2 mmol), 3-nitro benzaldehyde (0.30 g, 2 mmol) malononitrile (0.13 g, 2 mmol) and silicotungstic acid (2 mol %) were taken. The reaction mixture was heated at 60 o C under solvent free conditions for 10 min. After completion, the reaction mixture was cooled to room temperature, and acetonitrile was added and shaken well for 5 min, then poured over crushed ice, stirred for 10 min, precipitated product was filtered, washed with water, dried and recrystallized from methanol.
Spectral and Analytical Data of Some Representative Compounds.
6 
Results and Discussion
Our initial experiments were focused on the one pot, four component reactions of ethyl acetoacetate, hydrazine hydrate, 3-nitro benzaldehyde and malononitrile using different catalysts under solvent free conditions, and the results are listed in Table 1 .
It was found that silicotungstic acid (H 4 [SiW 12
O 40 ]) showed better catalytic activity among other catalysts such as FeCl 3 , SnCl 4 , ZnCl 2 , P 2 O 5 and ceric ammonium nitrate (CAN). When 2 mol % silicotungstic acid was used, the reaction proceeded smoothly and gave the product 5c in 96% yield (Table 1, entry 7) . Moreover, we found that the yields were obviously affected by the amount of silicotungstic acid loaded. When 0.5 mol %, 1 mol % and 5 mol % of silicotungstic acid were used, the yields were 34%, 68%, and 95%, respectively (Table 1, entries 8-10). Therefore, 2 mol % of silicotungstic acid was sufficient to push the reaction forward, and further increasing the amount of silicotungstic acid did not increase the yields. In addition, no desired product was detected in the absence of the catalyst (Table 1 , entry 1). The above results showed that silicotungstic acid was essential in the reaction, and the best results were obtained when the reaction was carried out with 2 mol % of silicotungstic acid under solvent free conditions at 60 °C.
Then, we examined the effect of solvents for above reaction. The results of Table 2 indicate that solvents affected the efficiency of the reaction. Yields were poor in dichloromethane, acetone, tetrahydrofuran and ethanol (Table 2 , entries 1-4). Better yields were obtained in acetonitrile and methanol (Table 2 , entry 5 and 6). However, the best results were obtained under solvent free conditions (Table 2 , entry 7).
To study the generality of this protocol, we extended our study with different aromatic and aliphatic aldehydes to prepare a series of pyranopyrazoles (5a-v, Table 3 ). In case of aromatic aldehydes, products were obtained in good to excellent yields while aliphatic aldehydes results poor yields. All the synthesized compounds were characterized by IR, 1 H NMR,
13
C NMR, LCMS and elemental analysis data.
H NMR and

13
C NMR indicated the presence of product 5 (the 2H form). In addition, the regiochemistry of compound 5 was also determined by an NOE study ( Figure  1) . NOE experiments could readily confirm the predominance of product 5 as irradiating the CH 3 signal at 1.79 δ, Scheme 2 resulted in an enhanced NH signal at 12.13 δ along with aryl proton enhancement. Thus, we conclude that the product 5 formed in predominant form and this is also supported by the previous X-ray crystallographic investigations.
18
Mechanistically, the reaction occurs via initial formation of arylidenemalononitrile 7 by the Knoevenagel condensation between 3 and 4, and pyrazolone 6 by the reaction between 1 and 2. Finally, Michael addition of pyrazolone 7 to arylidenemalononitrile 7, followed by cyclization and tautomerization yield pyranopyrazole 5 (Scheme 2).
Conclusion
In conclusion, we have developed a highly efficient heteropolyacid catalyzed, one-pot, four component protocol for the synthesis of pyranopyrazoles via condensation of ethyl acetoacetate, hydrazine hydrate, aldehyde and malononitrile. The advantages of this method are clean reaction, short reaction time, high yield, easy purification and economic availability of the catalyst.
